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ABSTRACT In face of the increasing concern on global warming and climate change, the 
interests in the utilization of solar energy for building operation are also rapidly growing. In 
this paper, the importance of using renewable energy in building operations is first discussed. 
The potential use of solar energy is then reviewed. Possible applications of solar energy in 
building operation are also discussed, including the use of solar energy in the forms of 
daylighting, hot water heating, space heating and cooling and building-integrated 
photovoltaics. Finally, the research activities in the utilization of solar energy for space 
cooling at QUT are highlighted.  
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INTRODUCTION  
 
In face of the increasing concern on global warming and climate change, utilization of 
renewable energy is gaining considerable momentum. Renewable energy is made from 
resources that can be replaced by Mother Nature, including sunshine, wind, water, geothermal 
and biomass etc. Because it does not pollute the air or the water, it is also called “clean 
energy” or “green power”. In Australia, the solar energy has the particular advantage due to 
its abundance of sunlight.  
 
Buildings are one of the most significant infrastructures in modern societies. The construction 
and operation of modern buildings consume a considerable amount of energy and materials, 
therefore contribute significantly to the global warming and climate change process. 
Worldwide, the Worldwatch Institute estimates that the construction and operation of 
buildings is responsible for some 40% of the world’s total energy use, 30% of raw materials 
consumption, 55% of timber harvests, 16% of fresh water withdrawal, 35% of global carbon 
dioxide (CO2) emissions and 40% of municipal solid waste sent to landfill (Fenner and Ryce, 
2008). In Australia, buildings are particularly a major consumer of energy and contributor to 
greenhouse gas emissions due to their heavy reliance on grid-supplied electricity which is 
mainly generated from fossil fuels (predominantly coal). Therefore, widespread utilization of 
solar energy for building operation would contribute significantly to the reduction of 
greenhouse emission from buildings. 
 
In this paper, the potential use of solar energy is first reviewed. The possible application of 
solar energy in building operation is then discussed, including the use of solar energy for 
daylighting, hot water heating, space heating and cooling and building-integrated 
photovoltaics. The research activities in the utilization of solar energy for space cooling at 
QUT are also presented.   
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THE UTILIZATION OF SOLAR ENERGY 
 
Solar Radiation 
 
Solar radiation, which is defined as the total electromagnetic energy emitted by the Sun, 
drives almost every known physical and biological cycle in the Earth system (Stickler, 2009). 
Solar radiation reaches the earth's surface either by being directly transmitted through the 
atmosphere ("direct solar radiation"), or by being scattered or reflected to the earth surface 
("diffuse sky radiation") (NSIDE, 2005). As shown in Figure 1, it is estimated that about 50 
percent of solar (or shortwave) radiation is reflected back into space, while the remaining 
shortwave radiation at the top of the atmosphere is absorbed by the earth's surface and re-
radiated as thermal infrared (or longwave) radiation. 
 
For a specific location, the amount of solar radiation received 
is determined by the sun’s position (or incident solar angle), 
sun-earth distance and the sky condition (i.e. cloud cover). 
Therefore, the global solar irradiation varies throughout a year 
with monthly maximum solar radiation reaching the highest 
value in summer and falls to the lowest value in winter. It was 
estimated that solar radiation reaches the earth’s surface at a 
maximum flux density of about 1.0 kW/m² in a wavelength 
band between 0.3 and 2.5 μm (Twidell & Weir, 2006). For 
inhabited areas, this flux varies from about 3 to 30 MJ/m²day, 
depending on place, time and weather. 
 
The Utilization of Solar Energy 
 
Solar energy is the radiant light and heat from the Sun and has been harnessed by humans 
since ancient times. Unlike fossil fuels, solar energy is available just about everywhere on 
earth and is free, immune to rising energy prices (Gordon and Fung, 2008). It is also a 
renewable resource that is environmentally friendly. Solar energy can be utilized through 
various approaches to provide heat, lighting, mechanical power and electricity. Broadly 
speaking, it may be grouped to indirect utilization methods (e.g. meteorological or 
geophysical effects, or the biological effects), direct use of solar heat and light, and the 
conversion of solar energy to electricity (Wolf, 1974).  
 
Because solar energy exists in the form of radiant light and heat from the Sun, in the 
following, only the two latter methods of direct utilisation of solar energy will be discussed: 
 
 Direct utilizations of solar heat and light  
 
Use of solar energy in the form of heat and light has been made for more than 2000 years. 
Examples of solar heat utilization include solar water heater, solar house, solar oven, solar 
dryer, solar liquid distilling (i.e. sea water desalination) and solar cooling (i.e. absorption 
refrigeration systems) etc. These systems for the direct use of heat generated from solar 
energy can operate at quite high efficiency (~ 50% reachable in simple systems), and are 
technologically the best developed of any solar energy utilization systems (Wolf, 1974). In 
terms of costs, they are also closest to providing energy competitively to energy from other 
sources. For example, it is known that solar domestic water heaters could provide energy at 
lower cost than that provided by electric power in may countries.  
Figure 1. Solar Energy 
Distribution. (RETScreen 
International, 2005) 
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Utilization of solar heat and light can be either by active solar technologies or by passive solar 
technologies. Active solar technologies use solar collectors with electrical or mechanical 
equipment, such as pumps, fans and/or daylight-guiding system, to increase the usable 
heat/light in the system. In contrast, passive solar technologies do not use external energy, but 
by influencing and shaping the design of the buildings to take advantage of the heat and light 
from the sun. 
 
 Generation of solar power 
 
For the generation of electric power from solar energy, two basic routes are available: either 
by photovoltaic power or solar thermal power (Wolf, 1974). The photovoltaic power is 
produced by the direct conversion of sunlight to electricity by the photovoltaic process. 
Photovoltaics has mainly been used to power small and medium-sized applications, from the 
calculator powered by a single solar cell to off-grid buildings powered by a photovoltaic 
array. Recently multi-megawatt photovoltaic plants are also becoming common (Lenardic, 
and Hug, 2008). In contrast, the solar thermal power is derived through the sequential 
conversion from sunlight to heat, to steam, to mechanical power, and ultimately to electric 
energy. For instance, Concentrating Solar Power (CSP) systems use lenses or mirrors and 
tracking systems to focus a large area of sunlight into a small beam (Solar-estimate, 2009). 
The concentrated light is then used as a heat source for a conventional power plant. Generally, 
for large-scale generation, CSP plants have been the norm. 
 
Because these two approaches basically provide power only during time of incoming solar 
radiation (e.g. daytime), additional storage would be required to supply energy at all times of 
demand. This can be achieved in the form of heat storage system for the steam systems, or by 
either the electrical, mechanical or chemical storage for the photovoltaic system (Wolf, 1974). 
It may be noted that once the solar energy is converted into electricity, it can be used for 
almost all applications. 
 
Overall, it has been found that various technologies have been developed to utilise solar 
energy. The main challenge now is to further develop these technologies to improve economic 
feasibility and applications engineering in real projects. With further development of various 
technologies (eg, solar collectors and thermal energy storage), the technical and economical 
feasibility of different approaches to utilise solar energy will be further advanced and 
ecological effects will be further reduced.  
 
APPLICATION OF SOLAR ENERGY IN BUILDINGS  
 
The application of solar energy for buildings represents an important strategy for displacing 
traditional energy sources in buildings. It may be broadly categorized to four groups of 
daylighting, solar heating, solar cooling and solar power. These applications can have 
significant impact on building thermal, energy and economic performance, as well as visual 
comfort. In the following, these four applications are discussed individually: 
 
Daylighting 
 
Daylighting is the practice of placing windows, or other openings, and reflective surfaces so 
that, during the day, natural light provides effective internal illumination (Wikipedia, 2009a). 
The use of solar energy in the form of daylight is particularly important for commercial 
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buildings, because they are often operated primarily during the day. The use of daylighting 
can offer higher luminous efficacy (lm/W) than most artificial lighting systems and lead to 
significant saving of lighting energy (Hastings, 1994). It may also reduce building cooling 
load and indirectly require less cooling energy. In addition, the possible improvement of 
quality of light, the view and contact with outdoor, will also bring psychological and 
physiological benefits. It is expected that with optimal use of daylight, energy savings can be 
achieved either from the reduced use of artificial lighting, or from passive solar heating or 
cooling. 
 
Depending on the different types of 
light collection, daylighting may be 
classified as active daylighting or 
passive daylighting (Figure 2). 
Passive daylighting is a system of 
collecting sunlight using static, non-
moving, and non-tracking systems 
such as windows, light shelves, 
most skylights, and light tubes. 
These devices are stationary and 
rely on their position to most 
effectively capture sunlight. In 
contrast, active daylighting is a system of collecting sunlight using a tracking mechanical 
device to increase the efficiency of light collection. 
 
Solar Heating  
 
Solar heating is the usage of solar energy for both space and hot water heating. Similar to the 
daylighting, the design of solar heating can also be divided into two groups of active solar 
heating and passive solar heating. The active solar heating uses driver (i.e. fans or pumps) to 
move air or liquid (i.e. water) from the solar collector into the building or storage area, while 
the passive solar heating does not require electrical or mechanical equipment, and may rely on 
the design and structure of the buildings for example, to collect, store and distribute heat 
throughout the building (i.e. passive solar building design) and hot water systems. 
 
As shown in Figure 3, an active solar 
heating system typically consists of a 
solar collector, heat transfer fluid and 
a driver for the moving of fluid. The 
solar collector is often located with 
good level of sunlight throughout the 
day, often on the roof of the building. 
A pump or fan drives the heat 
transfer fluid (often treated water or 
air) through the solar collector and then takes the heat away from the collector. The fluid then 
transports the heat energy collected to specific applications, which may be either storage 
container, hot water tank, heating radiators or conditioned spaces etc. 
 
Passive solar heating (Figure 4) include direct and indirect solar gain for space and water 
heating systems based on the thermosiphon, use of thermal mass and/or phase-change 
materials for slowing indoor air temperature swings, solar cookers, the solar chimney for 
(a)    (b)  
Figure 2. Passive Daylighting (a) vs Active 
Daylighting (b). (Sources: www.daylighting.com) 
(a)    (b)  
Figure 3. Active solar heating (a) space heating (b) 
water heating. (Sources: Britannica Student 
Encyclopaedia and Atlas Solar Innovations) 
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enhancing natural ventilation, and 
earth sheltering (Wikipedia, 
2009b). A passive solar heating 
often depends on the solar 
radiation, surface area, surface 
reflectance, surface emissivity, 
ambient temperature, and thermal 
convection from wind. Compared 
with active solar heating, passive 
solar systems have little to no 
operating costs, often have low 
maintenance costs, and emit no greenhouse gases in operation. They do, however, need to be 
optimized to yield the best performance and economics. 
 
Solar Cooling 
 
Solar cooling may be achieved through passive solar design, solar thermal energy conversion 
and photovoltaic conversion (sun to electricity). Similar to the solar heating, solar cooling 
may also be divided into two groups of passive solar cooling (i.e. through passive solar 
design) and active solar cooling (i.e. driving cooling process by using of either solar heat or 
solar power). Passive solar cooling is referred to cool buildings without power consumption. 
It is often based on the analysis of interaction between the building and its surroundings. In 
parallel, active solar cooling (air conditioning) refers to any cooling system that uses solar 
energy (i.e. solar thermal cooling and solar powered cooling or photovoltaic solar cooling). 
Through the use of solar cooling, the need for air-conditioning in buildings would be greatly 
reduced or even eliminated. 
 
Passive solar cooling is about to achieve cooling effect through the passive solar building 
design. Different with passive solar heating, solar energy is not used directly to create a cold 
environment or drive any direct cooling processes. Instead, passive solar cooling is often 
considered as an "alternative" to mechanical cooling that requires refrigeration systems. By 
employing passive cooling techniques into modern buildings, it is possible to eliminate 
mechanical cooling or at least reduce the size and cost of the equipment. The technologies 
used for passive solar cooling may include solar chimneys, thermal mass (i.e. large amounts 
of stone and earth absorbing daytime heat), ventilation (i.e. breezes flowing through 
windows), water evaporating from roof ponds, springs and fountains etc. 
  
(a) (b) (c)  
 
Figure 5. Active solar thermal cooling (a) absorption cooling, (b) adsorption cooling 
(c) desiccant evaporative cooling. (Kohlenbach, 2007) 
 
Active solar thermal cooling uses solar collectors to provide solar heat for thermally-driven 
sorption cooling systems, which may include absorption cooling, adsorption cooling, and the 
combination of dehumidification and evaporative cooling. Both absorption and adsorption 
(a)  
   (b)  
Figure 4. Passive solar heating (a) space heating 
(b) water heating. (Sources: California Energy 
Commission and Atlas Solar Innovations) 
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cooling use closed refrigerant cycle, with sorbent for absorption chillers being liquid (or 
absorber, i.e. ammonia/water or water/lithium bromide), and sorbent for adsorption chillers 
being solid (or adsorbent, i.e. water/silica gel). In contrast, the type of dehumidification and 
evaporative cooling often use open cycle, which means refrigerant (water) is in contact to the 
atmosphere. Either liquid or solid desiccant may be used for the dehumidification purpose. 
The basic structure of the active solar thermal cooling process is shown in Figure 5. In all 
these cases, solar energy is primarily used for regeneration of sorbent, although it may 
sometimes be used to produce hot water too. 
 
Solar powered cooling is referred to those electrical cooling systems (i.e. vapour-compression 
air conditioning system) driven by solar electricity. For instance, the photovoltaics can 
provide the power, which will be discussed in the next section, for any type of electrical air 
conditioner or chiller. However, due to high cost of photovoltaic array (capital-intensive), it 
may be a real challenge to meet economical criteria for use on a building with conventional 
air conditioning systems.   
 
Solar Power 
 
Solar power technologies provide electrical generation by means of heat engines or 
photovoltaics. Once electricity is generated, it can drive any electrical equipment for 
buildings. It may be noted that solar photovoltaic panels produce direct current (DC) 
electricity. Because power plants produce alternating current (AC) current, which leads to 
many equipment/appliance may only use AC current, an inverter may be required for the 
photovoltaic system (Figure 6). 
 
Among photovoltaic industry, building-integrated 
photovoltaics (BIPV) are currently one of the fastest 
growing segments. These are photovoltaic materials 
that are used to replace conventional building 
materials in parts of the building envelope such as 
the roof, skylights, or facades (Wikipedia, 2009c). 
Currently, BIPVs are increasingly being 
incorporated into the construction of new buildings 
as a principal or ancillary source of electrical power, 
although existing buildings may also be retrofitted 
with BIPV modules as well. 
 
It has been reported that photovoltaic cladding on the surfaces of commercial buildings has 
the potential for considerable reductions in carbon emissions due to embedded renewable 
power generation displacing conventional power utilization. It was found that on clear days, 
reductions of conventional power use of at least 60% can be achieved with an optimum 
photovoltaic cladding densities targeted to lighting and small power load demands (Jones and 
Underwood, 2002). 
 
In summary, application of solar energy in buildings is very broad. With properly design of 
building and optimally use of solar energy technologies, a building could be operated with 
little or zero energy from power supply grid. The challenge is often how to achieve economic 
feasibility and viability. Compared with other aspects, the application of active solar cooling 
for buildings may still be in infant or undeveloped, particularly for desiccant evaporative 
cooling (Kohlenbach, 2007).    
Figure 6. Components of a typical 
standalone PV system. (Source: 
Solar Electric Power Association)  
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SOLAR COOLING RESEARCH AT QUT 
 
The demand for air-conditioning has been steadily increasing in the last decade. This has 
resulted in more electricity uses, higher peak electricity demand, and increased greenhouse 
gas emissions. The following projects at Queensland University of Technology, Australia, 
aim to significantly reduce greenhouse gas emissions by air conditioners through researching 
and developing innovative hybrid air conditioning system: 
  
Optimum Control of Hybrid Solar Liquid Desiccant Air Conditioner  
Air conditioning system is designed to create a controlled environment, which provides a 
comfortable indoor condition through controlling air temperature, humidity, air movement 
and air cleanliness. In order to control air temperature, air cooling system may have to be used 
to remove exceed heat load, which consists of two components of latent heat and sensible 
heat. This project aims to integrate solar dehumidification systems with conventional air 
conditioning systems. The solar liquid desiccant dehumidifier will be used to remove the 
latent heat so that electricity will only be used to remove sensible heat. The challenge of this 
project is how to integrate both solar liquid desiccant system and conventional air 
conditioning system together, so that these two systems will work together in a harmonious 
and efficient way, without the requirement of the process for re-heating or re-cooling. This 
will be achieved by defining an optimal process configuration and control scheme for a liquid 
desiccant solar air conditioning system that minimises non-renewable energy consumption. 
The potential issue of carryover of liquid desiccant into air stream will also need to be 
considered. In particular, this project will focus on the application for desiccant based solar air 
conditioning for Queensland’s sub-tropical climate. The economics of a resultant such system 
will be evaluated.    
 
Development of Hybrid Solar Cooling System 
 
This project aims to improve building energy efficiency through the integration of passive 
cooling system and solar cooling system to maintain desirable comfort condition. It is based 
on a novel low-energy air conditioning system originally designed by Queensland Department 
of Public Works, which was able to operate at different operation modes of natural 
ventilation, mechanical ventilation, evaporative cooling and pre-cool evaporative cooling 
according to different indoor and outdoor conditions. In the case of requiring pre-cool 
evaporative cooling, solar heat driven cooling system is used to provide pre-cool. Such a 
system would not only maximize the use of passive cooling to improve building energy 
efficiency, but also utilize the solar cooling to supplement the additional cooling requirement, 
further minimise building greenhouse gas emission. This project is particularly significant for 
Australia because it has significant potential in both water savings and energy savings. 
 
CONCLUSION 
 
In face of the increasing concern on global warming and climate change, utilization of 
renewable energy is gaining considerable momentum. The interests in the utilization of solar 
energy for building operation have also been in rapid growth. In this paper, the importance of 
using renewable energy in building operations is discussed. It has been found that although 
various technologies have been developed to utilise solar energy, the main challenge now is to 
further develop these technologies to improve economic feasibility.  
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Possible application of solar energy in building operation has been discussed, including the 
use of solar energy for daylighting, hot water heating, space heating and cooling, and 
building-integrated photovoltaics (BIPV). It has been demonstrated that the application of 
solar energy in building operation is very broad. Compared with other aspects, the application 
of active solar cooling for buildings seems to be relatively under-developed and may be in its 
infant, particularly for desiccant evaporative cooling. The research activities in development 
of solar relative cooling at QUT has also been highlighted, which aims to improve the 
integration of  solar liquid desiccant system with conventional air conditioning system, and 
the development of hybrid solar cooling system to take advantage of both  passive cooling 
and solar cooling systems.  
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